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(57) Abstract: A semiconductor body (10) has first and second opposed major surfaces (10a and 10b). with a first region (1 1) of 
one conductivity type and a plurality of body regions (32) of the opposite conductivity type each forming a pn junction with the 
first region (11). A plurality of source regions (33) meet the first major surface (10a) and are each associated with a corresponding 
body region (32) such that a conduction channel accommodating portion (33a) is defined between each source region (33) and the 
corresponding body region (32). An insulated gate structure (30,31) adjoins each conduction channel area (33a) for controlling 
formadon of a conduction channel in the conduction channel areas to control majority charge carrier flow from the source regions 
(33) through the first region (1 1) to a further region (14) adjoining the second major surface (10b). A plurality of field shaping regions 
(20) are dispersed within the first region (11) and extend from the source regions (32) towards the further region (14) such that, in 
use. a voltage is applied between the source and further regions (33 and 14) and the device is non-conducting, the field shaping 
regions (20) provide a path for charge carriers from the source regions at least partially through the first region and cause a depletion 
region in the first region ( 1 1 ) to extend through the first region ( 11 ) towards the further region ( 1 4) to increase the reverse breakdown 
voltage of the device. 
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DESCRIPTION 



AN INSULATED GATE FIELD EFFECT DEVICE 



5 



This invention relates to an insulated gate field effect device, especially 



a vertical insulated gate field effect device capable of withstanding high 
reverse voltages when non-conducting. 

It is well known in the semiconductor art that the reverse voltage 

10 withstanding capability of a vertical insulated gate field effect device can be 
increased by reducing the dopant concentration and increasing the size of the 
■ drain drift region. However, this also increases the resistivity and length of the 
majority charge carrier path through the device when the device is conducting. 
This means that the series resistivity of the current path for majority charge 

15 carriers through the device, and thus the on-resistance of the insulated gate 
field effect device, increases in proportion to approximately the square of the 
desired reverse breakdown voltage. 

US Patent No. US-A-4,754,310 (our reference PHB32740) addresses 
this problem by providing the drain drift region as a zone formed of first regions 

20 of one conductivity type interposed with second regions of the opposite 
conductivity type with the dopant concentrations and dimensions of the first 
and second regions being such that, when the device is reversed biased in 
operation and the zone is depleted of free charge carriers, the space charge 
per uh(t area in the first and second regions balances at least to the extent that 

25 the electric field resulting from the space charge is less than the critical field 
strength at which avalanche breakdown would occur. This enables the 
required reverse breakdown voltage characteristics to be obtained using 
interptised semiconductor regions which individually have a higher dopant 
concentration, and thus lower resistivity, than would otherwise be required so 

30 that the series resistivity of the first and second regions and thus the 6n- 
resistance of the device can be lower than for conventional devices. 
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It is an aim of the present invention to provide another way of improving 
the trade off between breakdown voltage and on resistance in vertical high 
voltage insulated gate field effect devices where the word "vertical" should be 
understood to mean that the main current flow path through the device is 
5 between first and second main opposed surfaces of the device. 

According to one aspect of the present invention there is provided a 
vertical insulated field effect device, such as a MOSFET, wherein the drain drift 
region has dispersed therein a plurality of semi-insulative regions extending 
substantially in the direction of the main majority charge carrier path through 
10 the drain drift region, the semi-insulative regions adjoining source regions of 
the device to provide a current leakage path from the source regions through 
the drain drift region to cause, when the device is non-conducting and a 
voltage is applied between its main electrodes in use, the depletion region 
within the drain drift region to spread to a greater extent than it would have 
15 done without the presence of the semi-insulative regions. 

According to one aspect of the present invention there is provided a 
vertical insulated field effect device, such as a MOSFET, wherein a drain drift 
region has dispersed therein a plurality of semi-insulative or resistive paths 
extending substantially in the direction of the main majority charge carrier path 
20 through the drain drift region and electrically coupled to source regions of the 
MOSFET so as to provide current leakage paths from the source regions to 
catise, when the device is non-conducting and a voltage is applied between its 
mairt electrodes in use, the depletion region within the drain drift region to 
sprfead to a greater extent than it would have done without the presence of the 
25 paths. ! 

According to an aspect of the present invention, there is provided an 
1 insulated gate field effect device as set out in claim 1 . 

The present invention thus enables an insulated gate field effect device 
to be provided which enables the trade off between reverse breakdown 
30 voltage and on resistance to be improved in a manner that is different from that 
proposed in US Patent No. US-A-4,754,310 and that may, at least in certain 
circumstances, be simpler and/or more economical to manufacture. 
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Other advantageous technical features in accordance with the present 
invention are set out in the appended dependent claims. 

Embodiments of the present invention will now be described, by way of 
5 example, with reference to the accompanying diagrammatic drawings, in 
which: 

Figure 1 shows a diagrammatic cross-sectional view through part of an 

embodiment of an insulated gate field effect semiconductor device in 

accordance with the present invention; 
10 Figure 2 shows part of the device of Figure 1 on an enlarged scale to 

illustrate operation of the device when the device is non-conducting and a 

voltage is applied between its main electrodes; 

Figure 3 shows a graph of on-resistance (Ron) against reverse 

breakdown voltage (Vbv) to illustrate the effect of the present invention; and 
is Figures 4 to 8 illustrates steps in one example of a method that may be 

used in manufacturing the insulated gate field effect device shown in Figure 1. 
It should be noted that (with the exception of Figure 3) the Figures are 

diagrammatic, relative dimensions and proportions of parts having been shown 

exaggerated or reduced in size for the sake of clarity and convenience. The 
20 same reference signs are generally used to refer to corresponding or similar 

features; 

Referring now to Figure 1, this shows an insulated gate field effect 
semiconductor device 1 in the form of a MOSFET. The MOSFET 1 comprises 

25 a monoorystalline silicon semiconductor body 10 having first and second 
opposed major surfaces 10a and 10b. The semiconductor body 10 comprises 
a relatively highly doped substrate 14 of one conductivity type, n+ conductivity 
type in this example, which forms the drain region of the MOSFET. A relatively 
lowly doped semiconductor region 11 of the one conductivity type, (n~) 

30 conductivity type in this example, forms a drain drift region of the MOSFET. 
Typically, the dopant concentration within the semiconductor first region 11 is 
2x1 0 15 atom crrr 3 . 
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An insulated gate structure G consisting of a gate dielectric layer 30 and 
a gate conductive layer 31 is provided on the first major surface 10a. As is 
known in the art, the insulated gate structure G, when viewed in plan looking 
down on the surface 10a, defines a regular mesh or grid having openings in 
5 each of which is formed a source cell SC consisting of a body region 32 of the 
opposite conductivity type (p conductivity type in this example) forming a pn 
junction 34 with the drain drift region 11 and containing a source region 33 of 
the one conductivity type (n conductivity type in this example) so that part of 
the body region 32 defines with the source region 33 a conduction channel 
10 region 33a under the insulated gate structure G through which a conduction 
channel is controlled by means of a voltage applied to the insulated gate 
structure G. 

An insulating region 35 is provided over the gate structure G. Source 
metallisation 36 contacting all of the source regions 33 is provided on the first 

15 major surface 10a over the insulating region 35 to provide a source electrode 
S. Although not shown, electrical connection to the insulated gate structure G 
is provided by formation of one or more windows through the insulating region 
35 to expose part of the gate conductive layer 31 and patterning of the source 
metallisation to provide a separate gate electrode. A metallisation layer 16 

20 forms an ohmic contact with the drain region 14 so as to provide a drain 
electrode D. 

Although Figure 1 shows only one complete source cell SC, in practice 
the MOSFET 1 will consist of many thousands of parallel connected source 
cells sharing the common drain region 14. The MOSFET 1 is a vertical 

25 MOSFET, that is a MOSFET in which the main current path from the source 
regions 33 to the drain region 14 is in a direction perpendicular to the first and 
second major surfaces 10a and 10b. 

-The structure of the MOSFET 1 described so far forms a conventional 
vertical DMOSFET. However; in contrast to a conventional DMOSFET, the 

30 MOSFET 1 has a plurality of electric field shaping ' regions 20 distributed 
throughout the drain drift region 11 such that each source cell SC is 
associated with an electric field shaping region 20 which extends from the 
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source electrode 36 through the body region 32 of the source cell SC through 
the drain drift region 11 towards the drain region 14. In the example shown, 
the field relief regions 20 extend slightly into the drain region 14. 

The field relief regions 20 act to provide current leakage paths from the 

5 source electrode S into the drain drift region 11 towards (as shown into) the 
drain region when a voltage is applied between the source and drain 
electrodes S and D but the MOSFET 1 is non-conducting. When the MOSFET 
1 is conducting, these paths will simply add a small source-drain current 
parallel to the main source-drain current path through the drain drift region 11. 

10 In the embodiment shown in Figure 1, each field shaping region 

comprises a layer 21 of semi-insulating or highly resistive material deposited in 
a corresponding opening 17 extending from the first major surface 10a through 
the source, body and drain drift regions 33,32 and 11 and just to or, as shown, 
into the drain region 14. The upper and lower limits for the resistivity will 

15 depend on the device characteristics with the lower limit being determined by 
the maximum acceptable leakage current and the upper limit being determined 
by the required switching and ruggedness characteristics. 

The resistive or semi-insulating layer 21 may be, for example, a layer of 
polycrystalline silicon doped with oxygen and/or nitrogen so as to have a 

20 resistivity in the range of, typically, from about 10 7 to about 10 9 ohm cm or 
may be a layer of silicon nitride having a resistivity in the same range. The 
semi-insulating layers 21 are separated from the walls of the openings 17 by 
respective layers 22 of an insulating material, typically silicon dioxide. 
Typically, the semi-insulating layers 21 will have a thickness of 0.5pm 

25 (micrometres) while the insulating layer 22 will have a thickness of, typically, 
30 nm (nanometres). To provide a planar first major surface 10a for the 
subsequent metallisation, the openings 17 are filled with a filler material 23 
such as TEOS (Tetraethylorthosilicate). 

typically, the drain drift region 11 will have a thickness of 40:m and, 

30 when viewed in plan looking down on the first major surface 10a, the openings 
17 may, but need not necessarily, have the same geometry as the source cells 
SC, for example square, hexagonal, stripe or circular. In an embodiment, 
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where the insulated gate structure G defines a square grid, the openings 17 
are square when viewed looking down on the first major surface 10a. The 
pitch of the openings 17 will correspond to the pitch of the source cells SC 
and, although not shown as such, the width W of each opening 17 will be the 

5 same as or similar to the distance D between adjacent openings 17. For 
example W and D may lie in the range of from 5 to 10 micrometres. The 
product of the dopant concentration [n] and the width D of the areas 11a of the 
drain drift region 11 bounded by the openings 17 should, as set out in US-A- 
4754310, be 2x1 0 12 atoms cm" 2 and both D and W should be as small as 

10 possible for the lowest on resistance (Rdson). Although only one field shaping 
region 20 per source cell is shown there may be two or more. 

Figure 2 shows part of the MOSFET on an enlarged scale to illustrate 
the effect of providing the field shaping regions 20 or resistive paths. For the 
sake of this illustration, the drain drift region 11 is shown unhatched. When the 

15 pn junction 34 is reversed bias in operation by a voltage applied between the 
main electrodes S and D and the MOSFET 1 is non-conducting, that is there is 
no conduction channel formed in the conduction channel region 33a, a small 
leakage current flows along each of the resistive paths 21 causing a linear 
electrical potential drop along the resistive paths 21 so that the vertical 

20 electrical field near the interface between the insulating layer 22 and the first 
region 11 is substantially constant. Figure 2 illustrates the change in the 
extent of the depletion region DR within the drain drift region 1 1 with 
increasing reverse biasing voltage across the pn junctions 34, that is with 
increasing source-drain voltage. The solid lines d1 to d3 illustrate the extent of 

25 the depletion region DR and the dashed lines e1 to e3 illustrate what the 
extent of the depletion region would have been in the absence of the resistive 
paths 21. As shown by the lines d1 and e1, at a relatively low reverse biasing 
voltage, the resistive paths 21 cause the depletion region DR to extend 
towards the drain region 14. As the reverse biasing voltage is increased and 

30 thus the electrical potential difference along the resistive paths 21 increases, 
the portions of the depletion regions adjacent to the resistive paths 21 expand 
until, as shown by the line d3 the depletion regions merge so that the drain 
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drift region 11 is substantially entirely depleted of free charge carriers. If the 
pitch between adjacent resistive paths 21 is sufficiently small, typically 5 to 10 
micrometres for a dopant concentration in the drain drift region of 2-4x1 0 1 5 
atoms cm" 3 , the vertical electrical field will be nearly constant everywhere 

5 before the critical field for avalanche breakdown is reached in the drain drift 
region 11 so allowing the same reverse breakdown voltage characteristics to 
be achieved with a much higher dopant concentration in the drain drift region . 
1 1 than would be the case if the field shaping regions 20 were omitted. Where 
a 800 volt MOSFET is required, that is a MOSFET with an 800 volt reverse 

10 breakdown voltage, then in the absence of the field shaping regions a dopant 
concentration of 3x1 0 14 cm" 3 would be required for the drain drift region with 
the other dimensions (such as the thickness of the drain drift region) being as 
set out above. ' In contrast, where the field shaping regions are provided as in 
the invention, and D=10pm, then the drain drift region can have a dopant 

15 concentration N of 2x1 0 15 cm" 3 enabling a lower on-resistance. 

Figure 3 shows a graph of on-resistance (Ron) in milli-Ohms per 
millimetre squared against reverse breakdown voltage (Vbv) in volts. In Figure 
3 the line A shows the theoretical silicon 1D limit while line B shows the limit 
that can be achieved by a silicon MOSFET in accordance with the present 

20 invention with a pitch (W or D in Figure 1) of 4 micrometres and a drain drift 
region 11 thickness of 30 micrometres. At least for certain combinations of 
drain drift region thickness and required reverse breakdown voltage/ the 
present invention enables an improved trade off between on-resistance and 
breakdown voltage to be achieved which is similar to that which can be 

25 achieved using the invention disclosed in US-A-4,754,310 without the need for 
the precise charge balancing required in US-A-4754310. 

Figures 4 to 8 illustrate cross-sectional views of part of a semiconductor 
body to illustrate steps in one method of manufacturing a MOSFET 1 as shown 
in Figure 1. Initially si semiconductor body 10 is provided consisting of a n+ 

30 conductivity type substrate for forming the drain region 14. An n-conductivity 
type epitaxial layer 110 is grown on the substrate 14 for forming the drain drift 
region 1 1. A masking layer 40 (for example a silicon dioxide, silicon nitride or 
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resist layer) is provided on the surface of the epitaxial layer 110 and patterned 
using conventional photolithographic techniques to define windows 41 in the 
masking layer 30. An anisotropic etching process is then carried out as is 
known in the art to define the openings 17 extending through the epitaxial 

5 layer 110 into the substrate 14 to produce the structure shown in Figure 4. 

The masking layer 40 is then removed using conventional masking 
layer removal techniques and, after cleaning of the exposed surface, a thermal 
oxide layer 220 is grown on the exposed silicon surface as shown in Figure 5. 
The thermal oxide layer 220 is then subjected to an anisotropic etching 

10 process to leave the oxide only on the side walls 17a of the openings 17 (see 
Figure 6) so as to form the insulating layers 22. A layer 210 of semi-insulating 
or resistive material, in this case oxygen doped polycrystalline silicon or semi- 
insulating silicon nitride, is then deposited using known chemical vapour 
deposition techniques. A filler material such as, for example, TEOS is then 

15 deposited over the semi-insulating layer 210 to form a layer 230 having a 
relatively planar exposed surface. The layers 230 and 210 are then etched 
back using a conventional etching technique which etches the material of the 
layer 230 at the same rate as the material of the layer 210 to produce a planar 
surface as shown in Figure 8. 

20 A gate dielectric layer is then thermally grown on the first major surface 

10a and a doped polycrystalline silicon layer is deposited onto the gate 
dielectric layer. These two layers are patterned using known photolithographic 
and etching techniques so as to define the insulated gate structure 30,31 as 
shown jin Figure 8. Then, as is known in the art, p-conductivity type impurities 

25 are introduced into the first major surface 10a using the insulated gate 
structure 30,31 as a mask followed by n-conductivity type impurities so that, 
after diffusion during subsequent processing, the p-body and source regions 
32 and,33. shown in Figure 1 are formed so as to be aligned with the insulated 
gate structure 30,31. A dielectric layer is then provided over the surface 

30 structure and patterned using known masking and etching techniques to define 
the insulating region 35. Although not shown, a window or windows are 
formed in the insulating region 35 to enable metallisation to contact the gate 
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conductive layer 31 and then metallisation is deposited and patterned to define 
the source metallisation 36 and the gate metallisation (not shown in Figure 1). 

As is known in the art, to inhibit parasitic bipolar action, parts of the first 
major surface 10a within the windows defined by the insulated gate structure 

5 30,31 may be masked from the introduction of the source impurities and may 
have a higher concentration of p-type impurities so that the source 
metallisation 36 when deposited electrically shorts the body regions 32 to the 
source regions 33 to inhibit parasitic bipolar action. 

In the MOSFET described above, the resistive paths 21 are separated 

10 from the drain drift region 1 1 by the insulating layers 22. The thickness of the 
insulating layer 22 is determining by the required ruggedness and speed of the 
MOSFET and therefore depends upon the magnitude of the electric field within 
the MOSFET during switching transients. Typically the insulating layer 22 may 
have a thickness of 30nm. The insulating layers 22 serve to achieve a linear 

15 potential drop or difference along the resistive paths 21 by inhibiting or at least 
reducing the possibility of conduction between the resistive paths 21 and the 
drain drift region 1 1 . However, the resistive paths 21 will still serve to increase 
the spread of the depletion region towards the drain region 14 even in the 
absence of the insulating layers 21 and, although the electrical potential along 

20 the resistive paths will be less linear without the insulating layers 22, the 
effects of the present invention may be achieved without the insuiating layers, 
especially where the resistive paths 21 comprise oxygen doped polycrystalline 
silicon (SIPOS). In addition, the field shaping regjons 20 need not necessarily 
extend entirely through the drain drift region, although they should extend to at 

25 least some distance belbw the p-body regions 32. 

The filler material 23 is provided to enable a substantially planar surface 
to be provided onto which the insulated gate structure and subsequent 
metallisation can be deposited. Where such a planar surface is not essential, 
then it may be possible to omit the filler material. Also, the relative dimensions 

30 of the openings 17 and the thicknesses of the resistive paths 21 may be such 
that the material of the resistive paths 21 substantially fills the opening 17 so 
that there is no need for any filler material. Having wider openings 17 makes it 
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easier to deposit material into the openings, however having narrower 
openings is advantageous because it should enable a higher packing density 

<■ for the source cells SC. Also, where the openings 17 are sufficiently narrow, 
semi-insulating material providing the resistive paths may substantially fill the 

5 openings 17 so that there is no need for a filler material. 

In the above described examples the source regions are semiconductor 
regions. However, the source regions could be provided by Schottky 
metallisation such as silicide, for example platinum silicide, forming a Schottky 
barrier with the body regions. Also, in the above described examples, the 

io insulated gate field effect device is a MOSFET with the substrate 14 being of 
the same conductivity type as the drain drift region. However, the present 
invention may be applied to an IGBT (insulated gate bipolar transistor) by 
forming the substrate of opposite conductivity type (p-conductivity type in the 
examples given above) to the drain drift region. Also, the insulated gate field 

15 effect device described above is a normally off or enhancement mode device. 
However, by appropriate doping of the conduction channel region 33a, the 
device may be a normally on or depletion mode device. 

It will, of course, be appreciated that the present invention may also be 
applied where the conductivity types given above are reversed and that 

20 semiconductor materials other than silicon may be used such as germanium or 
germanium silicon alloys. 

"the present invention may also be applied to Trenchfets with 
breakdown voltages of about 500 volts or greater. 

* In the above described embodiments, the insulated gate structure has a 

25 grid-like or mesh structure and the openings 17 are discrete openings. 
However, the situation may be reversed so that openings 17 form a continuous 
trench having a grid-like structure and the resistive paths are therefore 
connected together to form a resistive grid-like region. 

In the above described examples, the resistive paths are provided by a 

30 semi-insulating material such as oxygen and/or nitrogen doped polycrystalline 
silicon or silicon nitride. However other materials providing resistivities similar 
to those given above may be used with the actual resistivity being selected to 
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enable the desired leakage current, switching and ruggedness characteristics 
to be achieved. 

From reading the present disclosure, other variations and modifications 
will be apparent to persons skilled in the art. Such variations and modifications 

5 may involve equivalent and other features which are already known in the 
design, manufacture and use of semiconductor devices, and which may be 

y used instead of or in addition to features already described herein. Although 
claims have been formulated in this application to particular combinations of 
features, it should be understood that the scope of the disclosure of the 

10 present invention also includes any novel feature or any novel combination of 
features disclosed herein either explicitly or implicitly or any generalisation 
thereof, whether or not it relates to the same invention as presently claimed in 
any claim and whether or not it mitigates any or all of the same technical 
problems as does the present invention. The applicants hereby give notice 

15 that new claims may be formulated to any such features and/or combinations 
of such features during the prosecution of the present application or of any 
further application derived therefrom. 
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CLAIMS: 



1. An insulated gate field effect device comprising a semiconductor 
body having first and second opposed major surfaces, the semiconductor body 

5 comprising a first region of one conductivity type and a plurality of body 
regions of the opposite conductivity type each forming a pn junction with the 
first region, the device having a plurality of source regions meeting the first 
major surface and each associated with a corresponding body region such that 
a conduction channel accommodating portion is defined between each source 

10 region and the corresponding body region, and an insulated gate structure 
adjoining each conduction channel area for controlling formation of a 
conduction channel in the conduction channel areas to control majority charge 
carrier flow from the source regions through the first region to a further region 
adjoining the second major surface, characterised in that a plurality of field 

15 shaping regions are dispersed within the first region and extend from the body 
regions towards the further region such that, in use, when a voltage is applied 
between the source and further regions and the device is non-conducting, the 
field shaping regions provide a path for charge carriers from the source 
regions and at least partially through the first region to cause a depletion 

20 region in the first region to extend through the first region towards the further 
region to increase the reverse breakdown voltage of the device. 



3. A device according to claim 1 or 2, wherein the field shaping 
regions comprise semi-insulating paths each having one end electrically 



2. A device according to claim 1 or 2, wherein each source region is 
• * *■ '■.*■■ 
associated with a single field shaping region. 



25 



coupled to a source region. 



30 



4. A device according to claim 3, wherein each semi-insulating path 
is formed as a layer on a surface of a corresponding opening extending 
through the first region towards the further region. 



3 
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5. A device according to claim 4, wherein the opening is filled by a 
filler material provided on the semi-insulating layer. 

5 6. A device according to any one of claims 3 to 5, wherein each 

semi-insulating path is separated from the first region by an insulating region. 

7. A device according to any one of claims 3 to 6, wherein the semi- 
insulating paths comprise at least one of oxygen doped polycrystalline silicon 

io and silicon nitride. 

8. A device according to claim 1 or 2, wherein at least some of the 
field shaping regions provide a path for charge carriers extending completely 
through the first region and into the further region. 

15 

9. A device according to any one of the preceding claims, wherein 
the further region is a semiconductor region of the same conductivity type but 
more highly doped than the first region. 

20 ... 10. A device according to any one of the preceding claims, wherein 

the further region is a semiconductor region of the opposite conductivity type 
to and more highly doped than the first region. 



f \\ 11. A device according to any one of the preceding claims, wherein 
25 the source regions are semiconductor regions of the same conductivity type as 
the first region. 
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one conductivity type and a plurality of body regions (32) of the opposite conductivity type each forming a pn junction with the 
first region (11). A plurality of source regions (33) meet the first major surface (10a) and are each associated with a corresponding 
body region (32) such that a conduction channel accommodating portion (33a) is defined between each source region (33) and the 
corresponding body region (32). An insulated gate structure (30,31) adjoins each conduction channel area (33a) for controlling 
formation of a conduction channel in the conduction channel areas to control majority charge carrier flow from the source regions 
(33) through the first region ( 11 ) to a further region ( 1 4) adjoining the second major surface ( 1 0b). A plurality of field shaping regions 
(20) are dispersed within the first region (1 1) and extend from the source regions (32) towards the further region (14) such that, in 
use, a voltage is applied between the source and further regions (33 and 14) and the device is non-conducting, the field shaping 
regions (20) provide a path for charge carriers from the source regions at least partially through the first region and cause a depletion 
region in the first region (11 ) to extend through the first region (1 1) towards the further region (14) to increase the reverse breakdown 
voltage of the device. 
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